Damage of the waterproofing system in a waste material depository or sewage sludge composting plant and the penetration of pollutants into the soil and groundwater may cause an environmental mishap. Although the standard waterproofing technologies are extremely safe, one cannot disregard possible malfunctions. For a well-established plan of managing unexpected events, the impact of such damage must be forecast. With the help of models described in the relevant literature, we propose the basic ideas used in simulations for two planned regional waste material depositories, a planned sewage sludge composting plant and an active aluminium dross depository of a foundry.
INTRODUCTION
When building a waste material depository or sewage sludge composting plant, damage of the waterproofing system is regarded as a possible malfunction. The penetration of pollutants into the soil and groundwater causes environmental damage. Since the standard waterproofing technologies are extremely safe, the probability of environmental pollution caused by the failure of waterproofing is very small, but it cannot be excluded. Hence, in addition to the effort in the interests of maximum safety, the elaboration of a plan for managing unexpected malfunctions and possible damage becomes a fundamental requirement. As usual, state laws impact on this requirement, too.
In order to trace the spread of pollutants in the groundwater after a mishap, the concentration of groundwater pollution in the damageable area can be well estimated by the use of models described in the relevant literature. In this paper, we describe the basic ideas used in calculations. They concern two planned regional waste material depositories to be built in the vicinity of the It is well known that groundwater pollutants may involve severe consequences when live water, wells and water bases are affected. The laws of the spread of pollutants in groundwater can be described approximately by transport equations. Their solutions describe the concentration of pollutants. Knowledge of the concentration level is a prerequisite for finding efficient ways for both the prevention of further spread and the removal of pollutants from the groundwater.
The transport equations contain various parameters.
Their identification can be difficult and their values may still remain inexact. Our experience was, however, that in the actual parameter range we get satisfactorily correct results, suitable for evaluating the environmental situation.
Different forms of the transport equation that are valid locally are well described in the literature and are explained even at the textbook level (see, e.g., Ková cs & Szabó 1995) . Depending on the complexity of the global model, its solution is obtained either by closed formula or, more frequently, by numerical methods. For the first case, one can be advised by texts on mathematical physics (see, e.g., Tikhonov & Samarskii 1966) or, alternatively, numerical methods must be involved. Detailed studies cannot be managed without computer support.
For the first evaluation of a mishap, a simple model borrowed from Ková cs & Szabó (1995) and modified slightly turned out to be satisfactory. In the next section, we describe the transport model applied to the phenomenon under consideration.
THE TRANSPORT MODEL AND ITS COMPUTATION
For the first approximation of the transport process, several assumptions can be made. In the coordinate system with coordinates x, y, z, the ground surface is approximated by the coordinate plane (x, y). The boundary of the impermeable layer is parallel to the ground surface and is located at depth z = m. The cylindrical waste depository with its axis along the z axis is assumed to have a negligibly small cross section with respect to the size of the domain where the pollution permeates. Thus, a line source between the two planes along the z axis acting over the period 0 < t < T is considered. The infiltration has a prevailing direction. The
x axis is chosen in this direction and the y axis is perpendicular to it. In the prevailing direction x, the infiltration has a constant speed v x in the whole region. In directions different from x, the infiltration is neglected.
As is widely used in the literature, in the unbounded three-dimensional domain − ∞ < x, y < ∞, 0<z < m, we model the convective-dispersive transport phenomenon by a quasi-linear parabolic equation for t > 0: (x,y,z,t) .
(1)
In this equation, c(x,y,z,t) (in brief, c) stands for the unknown concentration and the subscripts t, xx, yy and zz refer to the first and second partial derivatives with respect to the indicated variables. The meaning of the physical parameters R, n 0 , a L and l, together with their most frequent values, as well as for v x is extracted from Ková cs & Szabó (1995) and given in Table 1 . Comments on the transversal dispersity a T will follow in the next section.
The depository located at the origin begins leaking at t = 0. The intensity of leaking is time-independent until stopped at t = T and it varies smoothly with respect to the depth z. Thus, the line source used in the model is
where d is the Kronecker function, O is the Heavyside Initially, the ground is not polluted:
The boundary planes are completely impermeable, that is 
In the parameter range characteristic for our problem, the very first term dominates the later ones in the Fourier expansion. On the other hand, this term itself appears as a solution of a two-dimensional problem posed for the average of the concentration depth. In order to verify this claim, let us denote the average concentration by C:
and let f be the average value of the source along the z axis:
If (1) is integrated along the depth z and (2) is taken into account, we arrive at an initial value problem for the equation containing two space variables: It is worth noting that, in this formula, m = 1 2 q 0 m is the total source production in unit time. In reality, the value of m characterizes an extreme situation. Further on, in formula (6) we will use rather m than q 0 .
The approximate value of the concentration can be obtained by any composed quadrature rule. For a small relative error, a uniform partition combined with a simple integration formula calls for a dense grid. Basically, in our calculations we used both the composed trapezoidal rule and midpoint rule with a fixed number Ñ of subintervals.
Tests by Romberg iteration showed that, for integer values t and T, the convenient choices Ñ = Nt m , t m = min(t,T) and N = 1 are sufficient. In this case, the formulae are 
PARAMETER SELECTION, SENSITIVITY AND NUMERICAL RESULTS
When assigning parameter values, the least difficulties occur with the constant production of the pollution m and with the thickness m of the layer. Both quantities appear in (6) as multipliers. The same holds for the porosity n 0 .
The infiltration speed is taken equal to the speed of the groundwater flow. This assumption is acceptable until the concentration reaches a high value. As concerns the dispersities, we could rely upon the estimates of the local experts. The pollution source is assumed to be active at most between two consequent monitoring dates, i.e. the period of activity is 30, 60 or 90 days. As we stated previously, during this period the production is assumed to be uniform. Due to the uncertainty in the parameters, we checked the sensitivity of the concentration with respect to the parameters occurring in (6) non-linearly. The main point was sensitivity with respect to the ratio a = a L /a T . While a L is relatively well known, this is not the case with a T . As the experts claim, the measurements give rather the value of a than a T and with high uncertainty. Along the x axis, a appears as an amplification factor only. In general, however, it has an impact on the shape of the level sets. Together with the maximal value during the observation period, the maximum point is displaced as well. An illustrative example will be given at the end of the next section.
Computations were made for four regions. The parameter set characteristic for the regions is listed in 
POLLUTION MAPS
We wanted to follow the propagation of the pollution in the region where it is most dangerous. Hence, in the prevailing direction of infiltration (x) a relatively large distance was covered by the computation, while in the perpendicular direction a shorter distance was chosen.
When the homogeneity took place, the concentration was computed over a rectangular grid in the domain 0≤x≤2000, − 100≤y≤100.
We recall that the model is valid until homogeneity is not violated. Thus, the impact caused by a river, an artificial channel or a lake required additional analysis. This was the case near Apc due to the brook Szuha and also at Dunaharaszti where the Danube-Tisza Channel is located. In the first case, we could neglect the presence of the Szuha because it is very small. In the second case, we suggested a more rigorous monitoring, ensuring that the groundwater pollution with a significant concentration could not reach the vicinity of the channel.
We now describe some tables and maps provided by our simulation model and suitable for the evaluation of a mishap.
Worst-case study
The maximal concentration values along the x axis were found at the distances given in the first column of Table 3 .
They occurred t days after the operational mishap was assumed to be noticed and stopped (at T = 90 days). The second column contains the values t. The maximal concentration value itself is given in the third column (m = 1).
The data are given for the region of Gyá l. A post-mishap situation is simulated there.
Time dependence of the distribution of the pollution (in region (7))
Three-dimensional plots drawn from the data show the post-mishap distribution at t = 100, 200, . . ., 1200 days.
Two of these maps for the Gyá l region are given in 
Sensitivity analysis
The impact of the uncertainty in parameters a L and a T requires special attention at Dunaharaszti, where the composting plant is close to the Danube-Tisza Channel (the distance is 125 m). As we mentioned before, the model is not valid near the channel. Therefore we compare the 
